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® A purifier of diesel particulates in exhaust gas. 



ated. At this time, the exhaust gas flow is passed 
through the other filter element, without any par- 
ticulates being emitted into the atmosphere. Then, 
the exhaust gas flow and the preheated gas flow are 
switched by rotating the vane so that the other filter 
element is regenerated. 
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© Provided is a regeneration system of an exhaust 
gas filtering element for diesel particulates. The sys- 
^tem comprises two filter elements provided in par- 
^allel with each other, a burner mechanism, and a 
^four-way valve mechanism for switching over an 
^j. exhaust gas flow and a preheated gas flow obtained 
^by combustion in the burner mechanism. The ex- 
^haust gas flow is generally passed uniformly through 
OQthe two filter elements which filter off particulates. 
^However, when regeneration is required, an elliptical 
gpvane provided in a cylinder of the four-way valve 
mechanism is rotated so as to cut off the exhaust 
tt.gas flow passing through one of the filter elements 
and cause the preheated gas to flow through this 
filter, whereby particulates are oxidized and inciner- 
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A PURIFIER OF DIESEL PARTICULATES IN EXHAUST GAS 



BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a filter appara- 
tus which is mounted on an internal-combustion 
engine, particularly on a diesel engine, captures 
and removes particulates such as soot exhausted 
from the engine so as to purify the exhaust gas, 
and thus prevents environmental pollution. 

Description of Prior Art 

The exhaust of particulates from diesel engines 
has recently been controlled because it contains 
carcinogens or from the viewpoint of environmental 
pollution such as deterioration in visibility. As a 
measure against such exhaust particulates, a meth- 
od has been investigated in which a heat-resistant 
filter is provided in an intermediate position of an 
exhaust pipe to remove particulates by filtering 
them out. This method is characterized by the 
provision of a filter element which can be regener- 
ated and repeatedly used by being incinerated 
after particulates have been accumulated therein. 
There have been many proposals in which a burner 
for regenerating the filter is provided upstream 
from the filter element to ensure that the tempera- 
ture of the exhaust gas is increased to the ignition 
temperature of the particulates by the combustion 
heat of the burner. Such a method must increase 
the temperature of a large amount of gas ex- 
hausted from the engine, and thus requires an 
enormous quantity of heat. 

There has also been a proposal for solving the 
above-described problem in which the route of 
exhaust gas is branched at a filter element, and a 
bypass that is separated from the filter element is 
provided therein so that the exhaust gas from an 
engine are passed through the bypass by a valve 
when the burner is operating, which obviates the 
need for heating a large amount of exhaust gas 
(Japanese Patent Laid-Open No. 118514/1981). 
This apparatus provided with a bypass in the filter 
element in the exhaust gas route exhausts the gas 
through the bypass during regeneration, and thus 
reduces by half the effect of controlling the exhaust 
of particulates. 

In addition, an apparatus has been proposed in 
which an exhaust gas inlet of a filter element is 
divided into two portions and is provided with a 
switching plate in such a way that the filter element 
is divided into a regeneration side and an exhaust 
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gas side by the switching plate during regeneration 
(Japanese Patent Laid-Open No. 101210.-1983). In 
this apparatus, since the regeneration portion and 
the portion through which the exhaust gas flow 

s coexist in the one filter during regeneration, large 
thermal stresses occur, which readily leads to the 
fracture of the filter element. 

Prior art with respect to a combustion appara- 
tus for vehicles is also described in Japanese Pat- 

io ent Laid-Open No. 11415/1986. 

SUMMARY OF THE INVENTION 

75 It is an object of the present invention to pro- 

vide a compact exhaust gas purifier which is ex- 
tremely economical, which exhausts no particulates 
during regeneration, and can control to a small 
amount of the combustion of a burner without ex- 

20 hausting particulates during regeneration. 

To achieve this end, an exhaust gas purifier of 
the present invention comprises two filter elements 
connected in parallel, a burner having a small com- 
bustion chamber which has excellent heat resis- 

25 tance, and a four-way valve for switching the route 
of exhaust gas. A filter element which has a small 
heat capacity and a corrugated honeycomb form 
and is made of fiber ceramics obtained by sintering 
heat-resistant inorganic fiber and clay is used as 

30 each of the filter elements in the purifier. 

When the filter elements must be regenerated, 
one of the filter elements is removed from the 
inflow of the exhaust gas by the four-way valve and 
is heated by the burner, while the exhaust gas 

35 containing particulates continue to pass through the 
other filter element. 



BRIEF DESCRIPTION OF THE DRAWINGS 

40 

Fig. 1 is a sectional view of an embodiment 
of an exhaust gas purifier for diesel particulates; 

Fig. 2 is a sectional view of a four-way valve 
of the present invention; and 
45 Fig. 3 is a sectional view of a second em- 

bodiment of the combustion chamber portion of the 
present invention. 

Fig. 4 is a view illustrating a combustion 
chamber in a third embodiment, in cross-section. 

50 
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DESCRIPTION OF THE PREFERED EMBODI- 
MENT 

In an exhaust gas purifier of the present inven- 
tion, two gas outlets of a four-way valve are con- 
«- nected to two filter elements which are received in 

a case, and one of two gas inlets thereof is con- 
nected to an exhaust pipe from an engine and the 
other is connected to a combustion chamber. This 
four-way valve switches over a gas flow through 
one of the filter elements from the exhaust gas 
from the engine to preheated gas from a burner to 
provide regeneration. 

The operation of this exhaust gas purifier is 
described below. 

During the normal operation of the engine, an 
elliptical vane of the four-way valve is at a neutral 
position with respect to the two gas outlets, so that 
the exhaust gas flowing into the four-way valve flow 
to the filter elements from the respective gas out- 
lets, with particulates being filtered off and purified 
exhaust gas being exhausted to the air. 

When particulates have accumulated in the fil- 
ter elements so that they must be regenerated, the 
elliptical vane in the four-way valve is moved so 
that one of the gas outlets communicates with the 
gas inlet connected to the exhaust pipe from the 
engine, and the other communicates with the gas 
inlet connected to the combustion chamber. The 
former gas outlet leads the exhaust gas to the 
corresponding filter element to continue capturing 
particulates, and the latter gas outlet leads preheat- 
ed gas from the burner, which has started combus- 
tion, to the other filter element to regenerate it. 
After one of the filter elements has been com- 
pletely regenerated, the elliptical vane is rotated so 
as to cause the exhaust gas to flow through the 
filter element which has regenerated and the 
preheated gas to flow through the other filter ele- 
ment to regenerate it. Therefore, no particulates are 
exhausted to the air during the regeneration, the 
preheated gas from the burner is supplied to the 
filter elements after being agitated by the four-way 
valve so that its temperature is made to be uniform 
and it thus heats the filter elements uniformly, and 
no large thermal stresses occur so that the filter 
elements do not rupture. 

The exhaust gas purifier of the present inven- 
tion allows an engine to be operated with a very 
low back pressure during normal operation in which 
the two filter elements are being used, and thus 
can maintain the low penalty of engine power, and 
is an effective purifier which does not exhaust 
unpurified exhaust gas to the air during regenera- 
tion. In addition, since the exhaust gas from the 
engine and the combustion gas from the burner are 
isolated from each other by the four-way valve, the 
exhaust gas is not unnecessarily heated. Further- 



more, since filter elements made of fiber ceramics 
with a small heat capacity are used, the size of the 
burner can be greatly reduced, resulting in the 
possibility of a great reduction in fuel consumption. 
5 Since the temperature gradient produced when the 
filter elements are heated is also very small, and 
thus does not create any problems concerning 
fracture and melting, regeneration can be ec- 
onomically and safely performed. 

70 

First Embodiment 

A first embodiment of the present invention is 

rs described below. 

Ftg. 1 shows a first embodiment of the present 
invention in which reference numeral 1 denotes a 
burner; reference numeral 2, a nozzle; reference 
numeral 3, a burner body; and reference numeral 

20 4, a stabilizer. The nozzle 2 has an atomization air 
supply 5 and a fuel supply 6 which are connected 
to an air compressor (not shown) and an oil pump 
(not shown), respectively. The burner body 3. has a 
combustion air supply 7 which has an annular 

25 shape that is concentric with the nozzle 2. The 
stabilizer 4, which has a funnel shape, extends 
from the combustion air supply 7 to a position in 
front of the nozzle 2. The stabilizer 4 is provided 
with a swirler 8. A spark plug 9 connected to an 

30 induction coil (not shown) passes through the bur- 
ner body 3 and the stabilizer 4 as far as a position 
near the nozzle 2. An annular intake air supply 10 
is provided around the periphery of the stabilizer 4 
in the vicinity of the top of the burner body 3. 

35 A combustion chamber 13 comprising an outer 

sleeve 11 and an inner sleeve 12 is connected to 
the front of the burner 1. A thermal insulator 14 
made of ceramic fibers is charged between the 
outer sleeve 11 and the inner sleeve 12. The side 

40 of the combustion chamber 13 opposite to the 
burner 1 is connected to a preheated air inlet 1 5 of 
a four-way valve 1 6. 

Fig. 2 is a sectional view of the four-way valve 

16. 

45 One side of a cylinder 17 is opened to form a 

preheated air inlet to the combustion chamber 13. 
and the other end is closed by a back cover 19 
provided around a bearing 18. Gas outlets 20a, 20b 
open at positions at a distance of one-third of the 

so length of the cylinder from the preheated air inlet 
15 so as to be opposite to each other in the 
direction perpendicular to the axis of the cylinder 
17. A shaft 21 is inserted into the cylinder 17, 
passing through the bearing 18. so as. to be coaxial 

55 with the cylinder 17. An elliptical vane 22 is fixed to 
one end of the shaft 21 . and a cylindrical vane 23 
is fixed to the other end of the shaft 21, near the 
back cover 19 in the cylinder 17. The elliptical and 
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cylindrical vanes 22, 23 are provided with slots 24, 
25, respectively, around their peripheries, and ellip- 
tical and circular rings 26. 27 for sealing are in- 
serted into the slots 24, 25, respectively. The part 
of the shaft 21 passed through the bearing 18 is 
connected to a motor 28. A gas inlet 29 opens at a 
cylinder 17 in position between the elliptical vane 
22 and the cylindrical vane 23, and is connected to 
an exhaust pipe 30 from the engine. 

In Fig 1, connection pipes 31a, 31b are con- 
nected to the gas outlets 20a. 20b, respectively, 
and funnel-shaped inlet covers 32a, 32b and cylin- 
drical cases 33a, 33b are connected to the connec- 
tion pipes 31a, 31b, respectively, in such a manner 
that they are parallel to the axis of the cylinder 1 7. 
The cases 33a, 33b receive filter elements 34a, 
34b, respectively, the peripheries of which being 
covered with mounting mats 35a, 35b, mainly com- 
posed of ceramic fibers showing thermal expan- 
sion. The filter elements 34a, 34b each have a 
corrugated honeycomb skeletal structure which 
comprises fiber ceramic formed by sintering al- 
uminosilicate fiber and clay and which has a large 
number of cells 36a, 36b that are alternately closed 
at either end by plugs 37a, 37b, respectively. The 
cases 33a, 33b are connected to an exhaust pipe 
38 through an exhaust outlet cover 38. 

A description will now be made to the opera- 
tion in the above-described configuration of the first 
embodiment. 

During normal operation of the engine, the 
shorter axis of the ellipse of the elliptical vane 22 in 
the four-way valve 16 is parallel to the line connect- 
ing the opposite gas outlets 20a, 20b, i.e., in a 
state wherein the four-way valve 16 is at a neutral 
position so as to cause all the openings of the 
cylinder 17 to communicate with each other. In this 
case, the exhaust gas from the engine are 
branched to the connection pipes 31a. 31b from 
the gas outlets 20a, 20b, respectively, of the four- 
way valve 16, dispersed over the entire surfaces of 
the filter elements 34a, 34b by the inlet covers 32a. 
32b, and enter the cells 34a, 34b in the hon- 
eycomb structure. At the same time, the par- 
ticulates contained in the exhaust gases are filtered 
off by the walls of the cells made of porous fiber 
ceramics and accumulate in the cells 34a, 34b. The 
filtered exhaust gases are passed as clean gases 
through the outlet cover 38, are collected in the 
exhaust pipe 39, and are exhausted to the air. 
During this operation, air continuously flows from 
the combustion air supply 7 and/or the intake air 
supply 10 of the burner 1 so that no exhaust gas 
enter the burner 1 . During this time, atomization air 
and fuel are cut off at an intermediate position of 
the path by a solenoid valve (not shown). The 
exhaust gases introduced in the four-way valve 16 
are prevented from leaking from the back cover 19 



SOOCID: <EP 026324OA2_l_> 



by the circular rings 27 provided on the cylindrical 
vane 23. 

A description will now be made to the proce- 
dure used when the filter elements 34a, 34b must 
5 be regenerated because particulates are accumu- 
lated therein. 

The motor 28 is first energized to rotate the 
shaft 21. When the elliptical vane 22 has rotated 
90° from its neutral position, the motor is stopped. 
to In this state, the combustion chamber 13 and the 
exhaust pipe 30 from the engine communicate with 
the connection pipes 31a and 31b, respectively. 
Then a high voltage of about 1 0.000 V is applied to 
the spark plug 9 to produce an electric discharge 

15 with spark at the top thereof. Several seconds later, 
the solenoid valves which had cut off the atomiza- 
tion air and the fuel are simultaneously opened to 
supply the air and the fuel, to which pressure is 
applied by the air compressor and the oil pump, 

20 respectively, to the atomizing, nozzle 2. The fuel is 
atomized by the atomization air in the atomizing 
nozzle 2 and is then blown into the combustion 
chamber 13. The fuel is then uniformly mixed with 
combustion air which has been forced into a vortex 

25 flow by being passed though the swirler of the 
stabilizer 4. At this point, the atomized fuel is 
ignited by the discharge of the spark plug 9 to form 
a flame. The flame is stabilized in front of the 
burner 1 by the vortex flow of the stabilizer 4 so 

30 that a good combustion state is maintained in the 
combustion chamber 13. The intake air is blown 
out from the intake air supply 10 which is provided 
in the periphery of the stabilizer 4, passes along 
the inner periphery of the combustion chamber 13 

35 while surrounding the flame, and reaches the inlet 
15 of the four-way valve 16. The burned gas and 
the intake air are well mixed during the time they 
pass through the combustion chamber 13 and the 
four-way valve 16, to form a high-temperature gas 

40 which contains a large amount of oxygen and is at 
a controlled temperature, and which is then passed 
to the inlet cover 32a through the connection pipe 
31a. The high-temperature gas is uniformly dis- 
persed over the entire surface of the filter element 

45 34a in the inlet cover 32a and flows through the 
filter element 34a. During this time, the filter ele- 
ment 34a and the particulates accumulated therein 
are heated to about 600°C so that the particulates 
start to be incinerated. The burned gas generated 

so by the combustion is passed through the outlet 
cover 38 and exhausted to the air through the 
exhaust pipe 39. The temperature of the preheated 
gas can be controlled by controlling the amount of 
combustion in the burner 1 or the amount of intake 

55 air. or by controlling both amounts, whereby the 
oxygen content can be controlled. The exhaust gas 
from the engine is passed through the gas inlet 29 
and then between the elliptical vane 22 and the 

4 
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cylindrical vane 23. and flow into the inlet cover 
32b through the other connection pipe 31 b while 
cooling the elliptical vane 22 and the shaft 21 
which are at a high temperature because of the 
preheated gas. The exhaust gas continues to be 
filtered by the filter element 34b, with particulates 
being accumulated in the cells 36b. After this pro- 
cess has been completed over a period of several 
minutes, the motor is inversely energized so as to 
reverse the shaft 21 by 180°. In this state, the 
combustion chamber 13 and the gas inlet 29 are 
communicated with the connection pipes 31b. 31a, 
respectively, in a manner opposite to the above- 
described operation. Therefore, the preheated gas 
from the burner 1 and the exhaust gas from the 
engine are switched so that the engine exhaust gas 
is passed through the filter element 34a which has 
been regenerated by the burning of the particulates 
therein by the flow of the preheated gas, and the 
preheated gas is passed through the filter element 
34b in which particulates have been accumulated 
by the flow of the engine exhaust gas. Conse- 
quently, the particulates accumulated in the filter 
element 34b are rapidly heated to 600°C, which is 
their ignition temperature, and thus start to be 
incinerated. At the same time, particulates are 
again accumulated in the regenerated filter element 
34a. After this operation has been completed over 
a period of several minutes, the motor is again 
energized to rotate the shaft 21 by 90° and return 
the elliptical vane 22 to its initial neutral position. 

Therefore, the two filter elements are generally 
operated at the same time, producing extremely 
low back pressure, and this purifier can thus be 
operated without imposing any load on the engine. 
On the other hand, since one of the filter elements 
is operated for regeneration purposes and the other 
is operated as a filter during the regeneration, the 
exhaust gases from the engine are aiways passed 
through the filter element 34a or 34b which cap- 
tures particulates. In addition, since, during regen- 
eration, the preheated gas of the burner 1 carrying 
out complete combustion passes through the four- 
way valve 16 and the connection pipe 31 a or 31b, 
and is dispersed over the entire surface of the filter 
element 34a or 34b in the inlet cover 32a or 32b, 
the temperature distribution in the filter element 
34a or 34b is uniform. Since the exhaust gas from 
the engine is also shut out by the elliptical rings 26 
provided in the elliptical vane 22 in the four-way 
valve 16, the exhaust gas will not be mixed with the 
preheated gas of the burner 1. Although the four- 
way valve 16 is heated during the operation of the 
engine, particularly during the regeneration, the el- 
liptical rings 26 and the circular rings 27 respec- 
tively provided in the elliptical vane ;22 and the 
cylindrical vane 23 prevent any leakage of the gas. 



as well as preventing stoppage of the rotation of 
these vanes due to any increase in friction resulting 
from the difference in thermal expansion between 
the vanes and the cylinder 17. 

5 

Second Embodiment 

A second embodiment of the present invention 

70 is described below. 

Fig. 3 is a longitudinal sectioned view of an- 
other embodiment of the present invention in which 
members that are the same as those in the first, 
embodiment are denoted by the same reference 

75 numerals and are thus not described below. In the 
drawing, reference numerals 32c, 32d denote inlet 
covers which are provided in front of and on the 
axes of cases 33a, 33b, respectively, and which are 
respectively connected to connection pipes 31c. 

20 31 d, on the lines tangent to the outer shapes of the 
inlet covers. Consequently, the gas that has passed 
through the connection pipe 31 c or 31 d flows into 
the filter element 34a or 34b from the inlet cover 
32c or 32d while circulating. Therefore, the exhaust 

25 gas from the engine flow in the direction vertical to 
the axis of the filter element 34a or 34b during 
normal operation of the engine, and thus do not 
directly collide with the front of the filter element 
34a or 34b. Thus, the cell walls in the front of the 

30 filter element 34a or 34b are not worn down by 
hard solids such as scales of iron rust contained in 
the exhaust gas from the engine. In addition, since, 
during regeneration, the high-temperature gas is 
dispersed over the periphery of the filter element 

35 34a or 34b by the vortex flow and supplies suffi- 
cient heat thereto, the temperature in the vicinity of 
the periphery of the filter element 34a or 34b is not 
lowered by, specifically, the heat conduction to the 
mounting mats 35a or 35b. 

40 

Third Embodiment 

A third embodiment is described below with 
45 reference to Fig. 4 in which members that are the 
same as those in the first embodiment are denoted 
by the same reference numerals and are thus not 
described below. In this embodiment, a combustion 
chamber 13b has a dual structure comprising an 
so outer sleeve 11b and an inner sleeve 12b, and a 
space formed between the outer sleeve 11b and 
the inner sleeve 12b serves as an intake air pas- 
sage 40. An intake air connection portion 41 is 
provided on the side of the intake air passage 40 
55 near the preheated gas inlet 15 of the four-way 
valve 16, and the other side communicates with the 
intake air inlet 10. During regeneration, the com- 
bustion is started in the burner 1 so as to form a 
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flame which starts to heat the inner sleeve 12b. At 
the same time, the intake air flows through the 
intake air passage 40 while cooling the inner sleeve 
12b, blown out into the combustion chamber 13b 
from the intake air inlet 10, mixed with the flame, 
and sent as a preheated gas at a given tempera- 
ture to the filter element to be regenerated. In this 
embodiment, the temperature of the preheated gas 
is kept at 600 °C. 

When the combustion chamber 13b of this 
embodiment is used, the fuel consumption of the 
burner in a stationary state is smaller than that 
immediately after the ignition, resulting in a smaller 
amount of fuel being consumed than in the first 
embodiment in addition, the temperature of the 
outer sleeve 11b is increased by 50 °C or less by 
the combustion of the burner because no heat of 
combustion of the burner is unnecessarily used for 
heating the thermal insulators. Therefore, the heat 
of the burner is most efficiently used for heating 
the filter elements, with a remarkable effect of 
thermal insulation being produced. 

The present invention provides an effective pu- 
rifier which uses two filter elements during normal 
operation of an engine and thus allows the engine 
to be operated with very low back pressure, ensur- 
ing high engine efficiency, and preventing emission 
of any gas not purified during regeneration of the 
filter elements. In addition, since the exhaust gas 
from the engine is isolated from the preheated gas 
from a burner by a four-way valve during regenera- 
tion, the exhaust gas needs not be heated. Further- 
more, since each of the filter elements comprises 
fiber ceramics having a small heat capacity, the 
size of the burner and the fuel consumption can be 
greatly reduced. 



Claims 

1. An exhaust gas purifier for diesei par- 
ticulates which is connected to an exhaust pipe of 
a diesei engine for filtering off the particulates 
contained in exhaust gas and incinerating the par- 
ticulates filtered off and accumulated, by means of 
an oil burner, characterized by comprising two par- 
allel fiiter elements which are each made of ceram- 
ics and connected to said exhaust pipe of said 
diesei engine and said oil burner which is provided 
with a combustion chamber through a four- way 
valve. 

2. An exhaust gas purifier for diesei par- 
ticulates according to Claim 1, wherein said four- 
way valve comprises a cylinder and an eiiiptical 
vane which is fixed to a shaft concentric with said 
cylinder and is adapted to be in contact with the 
inner surface thereof, and further has two gas inlets 
which open at positions on the exterior of the 
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sliding surface for said elliptical vane and between 
which said elliptical vane is provided and two gas 
outlets which open at positions in sad sliding sur- 
face in said cylinder. 

5 3. An exhaust gas purifier for diesei par- 

ticulates according to Claim 1. wherein said four- 
way valve comprises said cylinder and said ellip- 
tical vane and slots are provided in the periphery of 
said elliptical vane which slides in contact with the 

jo inner surface of said cylinder, sealing rings being 
placed in said slots. 

4. An exhaust gas purifier for diesei par- 
ticulates according to Claim 1 . wherein a conjunc- 
tion pipe from said four-way valve is connected to 

75 each of said filter elements in such a manner that 
its axis deviates from the axis of said filter element. 

5. An exhaust gas purifier for diesei par- 
ticulates according to Claim 1. wherein said com- 
bustion chamber comprises two sleeves between 

20 which a thermal insulator is charged. 

6. An exhaust gas purifier for diesei par- 
ticulates according to Claim 5, wherein air is 
passed between said two sleeves of said combus- 
tion chamber so as to cool said combustion cham- 

25 ber and then allowed to flow therein. 

7. An exhaust gas purifier for diesei par- 
ticulates according to Claim 1 , wherein each of said 
filter elements made of ceramics is made of fiber 
ceramic obtained by sintering a composite material 

30 of heat-resistant fiber of aiuminosiiicate and clay 
and has a corrugated honeycomb form. 
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